Background: Human African trypanosomiasis (HAT) manifests as an acute form caused by 28
Introduction

78
The tsetse transmitted African trypanosomes are flagellated protozoa, a range of which cause 79 disease in animals (known as Nagana) and humans (Human African Trypanosomiasis, HAT, 80 also known as sleeping sickness). These diseases are responsible for significant morbidity 81 and mortality [1] [2] [3] and therefore directly impact on public health and animal productivity. 82
Current reports indicate that annual HAT incidence is on the decline, although under 83 reporting is typical, especially in areas where conflicts and civil unrest interrupt control 84 efforts and regular epidemiological surveys [4] [5] [6] . 85 HAT is caused by two microscopically indistinguishable sub-species: Trypanosoma brucei 86 rhodesiense that causes an acute form of the diseases that develops within a few weeks or 87 months of infection, and Trypanosoma brucei gambiense that causes a chronic form of the 88 disease that can take years to become patent. The acute form of the disease is prevalent in 89
Eastern and Southern Africa while the chronic form of the disease is prevalent in West and 90 Central Africa [4] . Uganda is the only country with active foci for both forms of the disease, 91 though in geographically distinct regions. 92
Studies in the Democratic Republic of Congo (DRC), Cote D'Ivoire, Guinea and Uganda 93 have found evidence for polymorphisms in IL6 and APOL1 associated with outcome of 94 infection [7] [8] [9] . In the present study, we investigated the possible association of selected gene 95 polymorphisms with HAT by undertaking a candidate gene association study (CGAS) using 96 case-control samples from the Tbr and Tbg HAT endemic areas of Uganda. The IL10, IL8,  97   IL4, HLAG, TNFA, TNX4LB, IL6, IFNG, MIF, APOL1, HLAA, IL1B, IL4R, IL12B, IL12R,  98  signs/symptoms suggestive of HAT. Controls from the Tbg HAT endemic area were required  125   to have no serological reaction to the CATT or Trypanolysis test.  126 Blood was drawn by venipuncture and collected in EDTA/heparin vacutainer tubes (BD). 127
Buffy coats were prepared from the whole blood in field laboratories using centrifugation, 128 aliquoted, and then stored in liquid nitrogen in preparation for DNA extraction that was 129 carried out at the Molecular Biology Laboratory, COVAB, Makerere University. The DNA 130 was quantified using a Qubit™ (Life Technologies). 131
132
Study design 133
This study was one of five studies of populations of HAT endemic areas in Cameroon, Cote 
Gene Selection 142
The selection of the genes depended on prior knowledge of the genes and their association 143 with the HAT. The following genes IL10 [9] 
SNP Selection 147
96 SNP were selected for genotyping using two strategies: 1) SNP that had been previously reported to be associated with HAT or 2) in the cases of IL4, IL8, IL6, HLAG and IFNG by complete scans with linked marker SNP (r 2 < 0.5) across each gene. The SNPs in this second 150 group of genes were selected using a merged SNP dataset obtained from 10X coverage whole 151 genome sequence data generated from 230 residents living in regions ( Bonferroni correction assumes that each of the statistical tests are independent; however, this 183 was not always true since there was some linkage disequilibrium between the SNPs in IL4, 184 IL8, IL6, HLAG and IFNG which were subject to complete linkage scans. Where the 185 assumption of independence is not true, the correction is too strict potentially leading to false 186 negatives. Thus, a less stringent correction for multiple testing was also employed. The HAT endemic sample ( Supplementary Figures 1-2) . Similarly, SNPs that were missing more 208 than 30% or 40% data were excluded from the Tbr and the Tbg HAT endemic area samples 209 ( Supplementary Figures 3-4 ). We used a HWE p-value cut-off of 1 x 10 -8 and further 210 selection of SNPs below the HWE cut off was done basing on their genotype scatter plots to 211 see which loci were to be excluded. Furthermore, SNPs that were in a five SNP window after 212 a single step with a variance inflation factor (VIF) [VIF = 1/(1-R 2 )] beyond 0.2 were 213 excluded from both sample datasets. After quality pruning, 79 SNPs from Tbr and 85 SNPs 214 from the Tbg HAT endemic samples were included in the association testing. 215 216
Admixture for population structure 217
Admixture was used to test for population structure that might confound the association 218 study. Eight values of K ancestral populations from 1-8 were tested to identify which had the 219 lowest coefficient of variations (CV) error. CV error was at a minimum for K=4, but the CV 220 error was very similar for all values of K (0.42 -0.46) providing no persuasive evidence for 221 any particular number of ancestral populations. The Admixture plot showed no clear evidence for any gross population structure and therefore no correction for population 223 structure was applied in the analysis. 224
225
Association testing yielded no robust associations 226 227
Five SNPs in the Tbr HAT endemic area and four in the Tbg endemic had raw p < 0.05 but 228 none of these remained significant after Bonferroni correction (Table 1) . Surprisingly, there 229 was no evidence for association with any SNP in APOL1. 230 231 In this case-control CGAS, we found no robust evidence for variants associated with Tbr and 243
Tbg HAT in two Ugandan populations. We tested for association between candidate genes 244 and the disease caused by Tbg and Tbr separately as they present two distinct forms of the 245 disease. Tbr and Tbg parasite resistance to human serum is mediated by different 246 mechanisms which place distinct selective pressures on the host genes [30] . Furthermore, the 247 two populations were from different broad ethnolinguistic groups, and were geographically 248 isolated from each other [10] . Admixture analysis found no evidence of population structure 249 with these SNP which might have reduced the power of the study (Supplementary Figure 5) . 250
We found no SNP associated with HAT after multiple testing corrections. Our power 251 calculations indicated that we had power to detect odds ratios > 2, however 7 of the 10 SNP 252 with P <0.05 had odds ratios < 2.0, which the study was not powered to detect. Larger 253 populations would be required to confirm these populations and the data presented could be 254 used to estimate the necessary sample size. 255
The most striking feature of the data was the absence of any association at APOL1. The 256 APOL1 G2 (rs71785313) allele has been shown to be lytic to T. b. rhodesiense in vitro [31] 257 and a recent study in the Soroti and Kaberamaido focus in Eastern Uganda found an 258 association with APOL1 G2 and protection from Tbr HAT with an odds ratio of 0.2 [8] . The 259 present study in the Busoga focus was well powered to discover such a strong effect, but the 260 frequencies of APOL1 G2 in cases and controls was almost equal (8.1% and 8.6%) with a 261 95% confidence interval for the odds ratio of (0.37-2.34) indication that an odds ratio as large 262 as seen in Kabermaido is very unlikely to be seen in Busoga (Supplementary data Table S2 ). 
